Dynamic Assembly and Disassembly of Functional β-Endorphin Amyloid Fibrils.
Neuropeptides and peptide hormones are stored in the amyloid state in dense-core vesicles of secretory cells. Secreted peptides experience dramatic environmental changes in the secretory pathway, from the endoplasmic reticulum via secretory vesicles to release into the interstitial space or blood. The molecular mechanisms of amyloid formation during packing of peptides into secretory vesicles and amyloid dissociation upon release remain unknown. In the present work, we applied thioflavin T binding, tyrosine intrinsic fluorescence, fluorescence anisotropy measurements, and solid-state NMR spectroscopy to study the influence of physiologically relevant environmental factors on the assembly and disassembly of β-endorphin amyloids in vitro. We found that β-endorphin aggregation and dissociation occur in vitro on relatively short time scales, comparable to times required for protein synthesis and the rise of peptide concentration in the blood, respectively. Both assembly and disassembly of amyloids strongly depend on the presence of salts of polyprotic acids (such as phosphate and sulfate), while salts of monoprotic acids are not effective in promoting aggregation. A steep increase of the peptide aggregation rate constant upon increase of solution pH from 5.0 to 6.0 toward the isoelectric point as well as more rapid dissociation of β-endorphin amyloid fibrils at lower pH indicate the contribution of ion-specific effects into dynamics of the amyloid. Several low-molecular-weight carbohydrates exhibit the same effect on β-endorphin aggregation as phosphate. Moreover, no structural difference was detected between the phosphate- and carbohydrate-induced fibrils by solid-state NMR. In contrast, β-endorphin amyloid fibrils obtained in the presence of heparin demonstrated distinctly different behavior, which we attributed to a dramatic change of the amyloid structure. Overall, the presented results support the hypothesis that packing of peptide hormones/neuropeptides in dense-core vesicles do not necessarily require a specialized cellular machinery.